Introduction: Thalassemia is a disorder that affects beta globin gene production and the resultant need for erythrocyte transfusions puts the patient at risk for iron loading, especially cardiac iron loading. Cardiac complications are the most serious ones accompanied by morbidity and mortality. The most harm to the heart is caused by iron overload. Ferritin is generally associated with the amount of stored iron in the body. The aim of this study was to investigate the relationship between echocardiographic findings and serum ferritin level.
Introduction
Thalassemia is an autosomal recessive disorder. Today, thalassemia treatment is being done in the most optimal way. It is believed that 7% of people worldwide are carriers of thalassemia gene who are divided into two main groups of alpha and beta (Rund & Rachmilewitz, 2005) . Thalassemia is largely prevalent around Mediterranean Sea, East Asia, parts of South and West Africa and Saudi Arabia. The estimated prevalence of beta thalassemia is 16% in Cyprus, 3-14% in Thailand and 3-8% in India, Pakistan, Bangladesh and China. Prevalence is low in black African persons (0.9%) and Northern Europe (0.1%) (Liao et al., 2005) . In the last study conducted in Iran it was estimated that about 6 to 7 percent of persons are carriers of thalassemia with more prevalence in the north and south and less prevalence in central areas (Karimi et al., 2011) . Thalassemia constitutes a syndrome with many complications chiefly cardiovascular diseases that comprise cardiomyopathy, thrombotic events and pulmonary hypertension (Aessopos et al., 2005) . Cardiac complications are the most serious ones accompanied by morbidity and mortality (Olivieri, 1999) . The most harm to the heart is caused by iron overload. Mechanisms responsible for raising iron levels consist of blood transfusion, increased iron intake through intestinal absorption, peripheral hemolysis and damaged red blood cells in the first stages of life (Modell et al., 2000) . Normally, each blood unit contains 250 mg of iron. 1-2 mg of iron is excreted daily in humans. As a result, iron is stored routinely which can cause harm to various body organs. Iron may deposit in all layers of the heart but the deposits are more likely to occur in the external layer (epicardium) than the internal layer (endoocardium). Deposition of iron in myocardium can cause both hypertrophy and dilated heart chambers (Tanner et al., 2006; . The entire electrical system of the heart will be engaged just like the muscular system. Cardiac disorders in thalassemia patients are divided into four categories consisting of: impairment of the heart muscle, cardiac arrhythmia, pulmonary hypertension and pericardial effusion (Borgna-Pignatti et al., 2006) . Clinical manifestations of cardiac disorders in thalassemia patients include tachycardia, dyspnea during exercise, dyspnea at rest, sleep disorders, swelling of the lower extremities, chronic fatigue, decreased appetite, cough, nocturia and disorders of consciousness. Common mechanisms of myocardial damage in these patients include the direct effect of free radicals and iron. Additionally, vascular complications caused by hemolysis and free radicals, gland disorders (hypothyroidism, diabetes), cardiac arrhythmias, infections, increased activity of the coagulation system, valvular dysfunctions and various drugs aid in myocardial damage (Cunningham et al., 2004) . Cardiac output gradually increases in thalassemia patients over time and results in heart failure in the form of high cardiac output. Valvular dysfunctions manifestations appear as thickness, calcium deposits, and valve structure damage (Derchi et al., 1992) . Echocardiography is an appropriate non-invasive diagnostic method that allows measuring the size of heart chambers, systolic and diastolic volume, structure and function of valves, calculation of pulmonary arterial pressure, Thrombosis in the cavities, the study of structure and function of pericardium and the motion of various wall muscles (Aessopos et al., 2007; Silvilairat et al., 2008; Walker & Nair, 2010) . One method for evaluating iron in thalassemia patients is measuring serum Ferritin. This is a simple and feasible method in most laboratories. Ferritin is generally associated with the amount of stored iron in the body. However, Ferritin is not without limitations as it is a protein found only in acute phases. Inflammation, hepatitis and liver damage may give it a false boost. Due to its variable nature, ferritin level measurement should be done 2-3 times a year and the mean level should be used. Several studies have demonstrated the link between ferritin level and patients' prognosis (Ashena et al., 2007) . Ferritin is still worthy as a marker in the prognosis of thalassemia patients. Numerous studies conducted over a decade have illustrated that the risk of cardiac disease and death plummets in patients with ferritin levels lower than 2500 ng/ml. Nonetheless, it is emphasized to keep the serum ferritin level below 1000 ng/ml in patients (Bosi et al., 2003) . Ferritin test is still the most available means for follow-up and altering the dose of chelation drugs in many centers. Advantages of ferritin test comprise simplicity, inexpensiveness, availability and monitoring of chelation therapy. In this study, we evaluated serum ferritin levels in patients with thalassemia major and functional class I with the findings of echocardiography (systolic, diastolic, pulmonary arterial pressure). We wanted to determine the relationship between ferritin levels and echo findings and cardiac function. We set to find out whether serum ferritin can be appointed as a marker for patients' follow-up when cardiac function is engaged. The aim of this study was to evaluate the relationship between echocardiographic findings and serum ferritin levels in patients with thalassemia major.
Materials and Methods

Study Design
This study was done as a prospective analytical study. 107 thalassemia major patients participated in the study. The patients had all functional class I (no limitation in doing exercises and daily activities) and were evaluated for ferritin level. The evaluation was performed twice with one month in between. They had their echocardiography by a pediatric cardiologist in view of diastolic and systolic disorders, pulmonary artery pressure and valvular dysfunctions.
Study Population
The population of the study was all the patients with thalassemia major who had attended the center for thalassemic patients in south west of Iran and had a medical record there. All the patients included in the study had normal ranges of creatinine and cardiac enzymes. It should be noted that patients with chronic kidney problems or functional class II or above or patients who were under heart failure treatment were excluded from the study.
The variables for the study were gender, age, serum ferritin levels, echocardiographic findings (diastolic, systolic, pulmonary artery pressure, valvular dysfunctions). The necessary information was collected through the patients' history via hospital records and patient reports during the time stipulated.
Echocardiographic findings included systolic function (ejection fraction & shortening fraction) for left ventricle and Tricuspid Annular Plain Systolic Excursion (TAPSE) for right ventricle. Other echo findings such as diastolic function (E/A ratio of the mitral valve), pulmonary arterial pressure and valvular involvement were also Vol. 8, No. 12; 2016 considered. Left ventricular systolic dysfunction was determined by ejection fraction <50% and shortening fraction <28% in a classification in which ejection fraction of 40-50% was categorized as mild impairment and ejection fraction 30-40% moderate impairment and ejection fraction <30% as severe impairment. Right ventricular systolic dysfunction was determined by TAPSE <1.5 cm in a classification in which patients with TAPSE 1.2-1.5 were categorized as mild impairment and TAPSE 1-1.2 moderate impairment and TAPSE <1 as severe impairment for right ventricle. Left ventricular dilatation was determined by End Point Septal Separation (EPSS)>8mm. Diastolic dysfunction was defined by E/A ration >2 or <1. Pulmonary hypertension was described as mean pulmonary arterial pressure >25 mmHg and systolic pulmonary arterial pressure >36 mmHg (Quinones et al., 2002) . Valvular involvement indicates one or multiple heart valves involvement revealed by echocardiography. Echocardiography was performed by a pediatric cardiologist with a vivid3 device with a probe of 3-5 MHz. During the ferritin measurement, the patients were free from inflammation and infection. Ferritin was measured twice with a one-month interval in a laboratory center by a ferritin checker device called Sunrise Touchscreen made by Tecan co. and the mean level was recorded.
Statistical Analysis
Categorization of the data was done by SPSS18. Once the date was collected, we used frequency distribution table for describing the data and Spearman statistical test for analyzing the data. P values of 0.05 or less was considered statistically significant.
Results
Out of 107 patients entered into the study, 52 were male and 55 were female. (Figure 1) . Further, Spearman test showed no relationship between serum ferritin level and E/A ratio of the mitral valve (r=0.147, Pvalue=0.131) (Figure 2 ). 
Discussion
LV dysfunction is probably due to long exposure to iron overload in the heart. A significant relationship has been demonstrated between myocardial iron overload and decreased LV function (Tanner et al., 2006) . However, Bosi et al. found a weak but significant correlation between left ventricular ejection fraction and serum ferritin concentration, where patients with a high ferritin concentration (>2500ng/ml) had a lower ejection fraction than patients with a low ferritin concentration (<1000ng/ml) (Bosi et al., 2003) . Echocardiographic studies have shown cardiovascular prognosis in β-thalassemia patients to be excellent if serum ferritin is <2500ng/ml. Serum ferritin <2500ng/ml is considered to be safe (Olivieri, 1999) . Some studies illustrated negative correlation between serum ferritin and left ventricular ejection fraction (Borgna-Pignatti et al., 2004; Montazare et al., 2011) . Numerous studies have found lower ferritin levels to reduce complication events resulting in better prognosis (Telfer et al., 2000; Borgna-Pignatti et al., 2004) . Several reports didn't find any statistically significant relationship between serum ferritin concentration and systolic and diastolic indices (Yaprak et al., 1998; Ashena et al., 2007) . Their results were consistent with our findings and displayed no significant correlation between ventricular ejection fraction and serum ferritin. Approximately 19% of regularly transfused and chelated thalassemia major patients need cardiovascular drug therapy. This subgroup is characterized by a dilated and mildly hypokinetic left ventricle when compared with the majority of thalassemia major patients who do not require drug treatment. These data underscore the importance of careful evaluation of cardiac functional status in patients with thalassemia major (Derchi et al., 2011) . Thus, it is imperative for thalassemia major patients to have their heart examined and have an echocardiography under cardiologist supervision. Another survey done on 44 patients with major beta thalassemia showed no relationship between left ventricular diastolic function and serum ferritin. Heart disease is the primary determinant of prognosis and survival in β-thalassemia. Myocardial iron deposition seems to be a major development trigger for heart failure in thalassemia major. With regard to heart failure in β-thalassemia, patients' prognosis could be improved by intensifying blood transfusions and iron-chelation therapy as well as conventional treatments. These measures are able to raise the level of survival to that observed in the general heart failure population (Kremastinos et al., 2010) . A recent study demonstrated a significant correlation between iron overload in the liver and pulmonary artery systolic pressure independent of LV filling pressures . conventional Doppler echocardiography and tissue Doppler allow for identifying left ventricular diastolic alterations in asymptomatic patients with thalassemia major (Rodrigues et al., 2013) . In comparison, another investigation consisting 110 patients with thalassemia intermedia, overall mean ferritin levels were 1657±1477ng/ml which was lower than what we found in the present study (2419.13±1772.65ng/ml) that could be the result of less frequent and incorrect use of iron chelation in our patients (Aessopos et al., 2001) . Early detection of the associated complications in beta thalassemia patients is immensely beneficial in reducing the burden of the disease through preventive measures. A significant www.ccsenet.org/gjhs Global Journal of Health Science Vol. 8, No. 12; 2016 percentage of thalassemia patients have left ventricular dysfunction. This is mainly due to chronic anemia, iron overload and poor compliance with chelation therapy (Hyder et al., 2013) . Echocardiographic metrics of systolic and diastolic dysfunction are insensitive but relatively fit for cardiac iron overload; tricuspid regurgitation jet is helpful for identifying pulmonary hypertension. Patients with thalassemia intermedia are particularly vulnerable to pulmonary hypertension because of higher cardiac output, splenectomy, and greater intravascular hemolysis; a majority of patients will develop pulmonary hypertension in middle age (Wood, 2009) . Regular assessment of cardiac function may help to improve the quality of life for these patients and may reduce the morbidity and mortality to a great extent. Echocardiogram should be performed annually.
Conclusion
According to the result of this study there was not any relationship between serum ferritin level and echocardiographic data. Since serum ferritin is an index for level of iron in the body, thus, it's necessary for thalassemia major patients to undergo serial cardiac and echocardiographic evaluations to assess the effect of iron increase on their heart.
